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I N T R O D U C T I O N
Renal transplantation is nowadays recognized as the treatment of choice for end-stage renal disease (ESRD) in both adults and children. It is associated with improved survival: transplantation in children has been shown to increase life expectancy by 20-40 years, compared with patients who remained on dialysis [1, 2] . It is also associated with a better quality of life [3] [4] [5] and better long-term cost-effectiveness [6, 7] .
Despite the World Health Organization recommendations of equitable access to transplantation, studies demonstrate important inequalities in access to the cadaveric donor waiting list for adult patients in both the USA and Europe. Although some medical conditions explain a portion of these inequalities, non-medical factors also influence the probabilities of being listed and transplanted. Among these factors, some are patient characteristics such as gender [8] [9] [10] [11] [12] [13] , race [9, [12] [13] [14] [15] , educational level [16] and place of residence (municipality). Other factors are characteristics of the hospital centre, such as its size [17] [18] [19] ownership of dialysis facilities (e.g. for profit or not-for-profit) [20] and the presence of a transplantation program [11, 15, 21, 22] .
Studies of children in the USA and UK report similar results: girls and non-white patients have a lower probability of being listed [10, 13, 15, 23] . Few studies, however, have investigated characteristics of both patients and centres simultaneously in children.
In France, despite a very high rate of transplantation among children and an overall rapid access to transplantation in this population (median waiting-time during the 2008-2012 period: 7.3 months) [24] because of a strong paediatric priority [25] , public health decision-makers are still promoting faster access to renal transplantation mainly because of the association between dialysis duration and long-term cardiovascular events [26] . Moreover, because of the repartition of transplant at a national level, the time it takes to register on the waiting list is the most likely to explain variation from one centre to another. In this nationwide study, we sought to ascertain the influence of patient and centre characteristics on rapid access to the renal transplant waiting list for paediatric patients (younger than 18 years).
M AT E R I A L S A N D M E T H O D S

Population study
We considered for inclusion all children in the French ESRD National Registry, REIN, who started renal replacement therapy (RRT: haemodialysis, peritoneal dialysis or pre-emptive transplantation) between 1 January 2002 and 31 December 2011, aged <18 years at RRT onset. The organization, data collection and quality control of the REIN registry have been described elsewhere [27] .
Because in France all patients awaiting a transplant have to be registered on the renal waiting list, patients planned to receive a transplant from a living donor (LD) were also included in the study (10-15% of transplantation per year are from LD). Patients undergoing pre-emptive transplantation were also included in the analysis as our aim was to evaluate practices of early inscription on the waiting list and rapid transplantation. Patients were followed through 30 June 2012 or until death, so that all surviving patients have at least 6 months of follow-up. Some of those patients may reach 18 years during the follow-up.
Information collected Patient characteristics. Relevant patient characteristics recorded in the REIN registry were the year of and age at start of RRT, gender, primary kidney disease, height, comorbidities, disabilities [27] , whether RRT began as an emergency, place of residence, centre and country of birth. From comorbidities and disabilities, we created the binary variables: at least one comorbidity and at least one disability. We determined growth retardation at RRT onset (for height) according to the international standards for chronological age [28] . We calculated the distance between the home address and the treatment centre and between the home and the closest paediatric transplantation centre with the ARCGIS module Network Analyst. Because the registry does not include relevant socio-economic data for children, we used the place of residence as a proxy and crossed our database with unemployment and median income data from the French National Institute of Statistics and Economic Studies (INSEE) to investigate the possibility that social factors influenced our results [29, 30] .
Owing to the great variety of primary kidney diseases in relation to the number of patients in our study, we grouped them in categories. Specifically, diseases were characterized by their coordinate values in the system of axes defined by the principal components of a multiple correspondence analysis [28] based on seven items (immune renal injury, possible other immune injury, extra-renal vascular injury, possible extra-renal injury of other causes, genetic diseases and congenital abnormalities of the kidney and urinary tract, possible post-transplantation recurrence of initial nephropathy and urological abnormality). Diseases were then grouped by an ascending hierarchical classification [31, 32] , an iterative process, with an algorithm that starts with as many clusters as data items and builds up a tree by successively merging the two nearest clusters. We used pseudo-F statistics to choose the threshold for stopping the classification, so that we created groups homogenous for the difficulty of transplantation. We thus obtained six groups that we named after their main shared criteria (vascular diseases, nephropathies with possible extra-renal immune injury, urological abnormalities, genetic or toxic abnormalities, risk of post-transplantation recurrence and unknown).
Centres' characteristics. The centre characteristics we considered were paediatric specialization (some adult centres take care of 15-18 years old patients, especially in areas where there are no paediatric centres), the proportion of patients on the waiting list placed on inactive status during the first month after listing and the proportion of pre-emptive transplantations, categorized into two separate groups: one with the median proportion as the cut-off point and the other categorized into two groups according to the centre size, with the third quartile as the cut-off point (based on the number of new patients treated in 2010-2011).
Statistical analysis. Rapid access to the waiting list was defined as being listed within 6 months after dialysis start or starting with a pre-emptive graft. The primary outcome was the probability of being listed within 6 months after starting RRT (start of dialysis or pre-emptive graft). We chose a binary outcome with a cut-off at 6 months in order to be able to give clinical guidelines to harmonize registration if any inequalities between centres were shown.
Logistic regression models were used to study the association between the patient characteristics and outcome. We first performed univariable logistic regressions on all the patient characteristics to determine which ones to include in our final models. All variables with a P-value greater than 0.2 were included in the multivariable logistic regression models. All continuous variables were tested for linearity with the SAS macro LGTPHCURV9 [33] ; the age at start of RRT was included in the models as a restricted cubic spline (no linear relation).
We then assessed the centre effect by a hierarchical multivariate regression that included the centres as a random effect. We studied three models: Model 1 is an empty model (not adjusted for the characteristics of patients or centres), while Model 2 studied the centre effect after adjustment for patients' characteristics. Afterwards, we tested patient characteristics of interest as random effects to determine whether some associations varied among centres. Finally, we examined the variability between centres by including centre fixed effects in the models (Model 3). Centre effect was assessed by studying the second level residual variance (τ 00 ) in the three models. We also evaluated the proportion of the variance in outcome between centres by calculating the intraclass correlation coefficient [ICC = τ 00 /((π 2 /3) + τ 00 )]. When we suspected an interaction between a centre characteristic and a patient characteristic, we tested for cross-level interaction. Fifty-nine patients with missing data for variables selected in the multivariate analysis were not included in the analysis. We compared those patients to the 555 included in the multivariable analysis and found no significant difference in the variable included (age, primary kidney disease, year of RRT onset and starting treatment in emergency) except for gender with a higher proportion of girls in the group excluded (53% versus 39%, P < 0.05).
We used the Kaplan-Meier method to plot the cumulative incidence curve and the funnel plots method to present crude and adjusted variability between centres [34, 35] . To access the reliability of our findings, we performed two sensitivity analyses using the same model to predict inscription on the waiting list at 3 and 12 months after RRT, and a third that excluded patients treated by pre-emptive transplantation. We also tested our models only on the patients treated in paediatric centres to verify the reliability of our results. All tests were performed at an α-risk value of 0.05. Statistical analysis was performed with SAS 9.2.
R E S U LT S
Patient population
The study included 614 incident patients younger than 18 years who had started RRT in 54 centres; 421 (68.6%) were listed within 6 months after starting RRT [among whom 195 (31.8%) were registered and 119 (19.2%) were transplanted preemptively] and 556 (90.5%) were listed during the study period. The median time to registration was 3 months (Figure 1 ). Table 1 summarizes the patients' characteristics when they started RRT. The univariable analysis found the following patient characteristics associated with inclusion on the waiting list: age when RRT started, gender, primary renal disease, comorbidity factors, disabilities, emergency treatment onset, the distance between home and the treatment centre and between home and the closest paediatric transplantation centre, nonFrench birth, the year treatment started and the median income of the place of residence. We did not find any association between the probability of listing and either growth retardation or the unemployment rate in the town of residence (Table 2) .
Access to the transplant waiting list
Hierarchical multivariate logistic regression showed a higher risk of not being listed within 6 months after RRT in patients younger than 2 years, or with a renal disease included in a group with a high risk of recurrence after transplantation (odds ratio (OR): 2.61; 95% confidence interval (CI): 1.37-4.97), or with possible extra-renal immune injuries (OR: 4.33; 95% CI: 1.30-14.41). Interestingly, the risk for the group with vascular primary renal disease became non-significant after adding the variable of emergency RRT initiation (OR: 2.58; 95% CI: 1.46-4.56). We also found a significant vintage effect: the probability of not being listed decreased over time (OR per 1 year +0.83, 95% CI: 0.74-0.94) ( Table 2) .
The association between gender and the probability of not being listed within 6 months after RRT did not remain statistically significant, but the trend toward disfavouring girls persisted. Among the 54 treatment centres, the median rate of reaching the waiting list within 6 months after RRT was 61.5% IQ (31-80%). Centre characteristics are presented in Table 3 .
The hierarchical model (Model 1) showed significant variability between centres (residual variance: 0.623, SE 0.269) that accounted for 15.9% of the total variability (ICC). Because this variability persisted after adjustment for patient level variables (Model 2: residual variance: 1.012, SE 0.474), patient characteristics do not explain the variability between centres. Crude and adjusted funnel plots (Figures 2 and 3 ) that show outliers (centres outside the 99% CI) present this variability. We found no significant difference between centres in the effects of gender, age, primary renal disease and emergency RRT initiation on the probability of being listed within 6 months.
Finally, none of the centre characteristics was significantly associated with the probability of the child's inscription on the waiting list within 6 months after ESRD began (Table 4) . A significant centre disparity remained after adjustment for all patient and centre characteristics (Model 3) (variance 1.288, SE 0.593). The results of the sensitivity analysis that considered the proportion of children reaching the waiting list within 3 months of starting RRT were similar for age, primary renal disease, emergency RRT start and vintage effect.
At 12 months after the first RRT, 76.2% of patients were listed. The condition still associated with a lower probability of being listed was younger age (<2 years). In this model, the probability of being listed was no longer significantly associated with renal disease, nor was the risk of post-transplantation recurrence. The association with uropathies appeared to be significant (OR: 2.73; 95% CI: 1.09-6.83). The same results were found for all patient characteristics when considering 
O R I G I N A L A R T I C L E
I n e q u a l i t i e s i n a c c e s s t o r e n a l t r a n s p l a n t w a i t i n g l i s t only patients with dialysis as the first RRT (n = 496). The results found for paediatric centres alone were similar to those previously described (data not shown).
D I S C U S S I O N
In this nationwide, longitudinal study, we found that centres varied significantly in their speed of access to the renal waiting list for children, even after we took patient characteristics, socio-economic factors and some centre specificities into account. We confirmed that younger age, starting RRT in an emergency and having renal diseases at risk of post-transplantation recurrence are associated with a lower probability of reaching the renal waiting list within 6 months of ESRD. We also observed a significant improvement in the rate of registration over time in France; it suggests that efforts to promote early wait-listing are effective and that it is now widely recognized as a good practice (the rate of unlisted patients at 6 months remained around 50% between 2002 and 2005 and then decreased regularly, reaching 31.5% in 2011). However, considering the short waiting-time among children in France, efforts to promote pre-emptive listing and transplantation are still to be made in order to avoid, as much as possible, dialysis in children.
The association between younger age and a decreased probability of being listed is mainly explained by the increased risk of thrombosis that motivates paediatric nephrologists to wait until patients weigh at least 9-10 kg. Although there was a trend, we did not find a significant negative association between female gender and the probability of placement on the waiting list. This association has been known for a long time in adults [8, 11, 12] without real agreement on the reasons that produce this inequity and remains controversial in children [3, 30, 36] .
A recent report by Garg et al. [10] studying a large cohort of patients younger than 20 years in the USA found a significant negative association between female gender and the probability of inscription on the waiting list. Some argue that this gender effect may be due to the difference in primary renal diseases between boys and girls.
Most of the previous studies used adult classifications to adjust for the initial renal disease (including diabetes, hypertension, lupus and HIV-related illness), which might not be totally relevant for assessing the effect of child-specific diseases. To address this issue, we used a paediatric classification designed to be as predictive as possible of the ease of transplantation and of the need for additional time for check-ups before transplantation. This might explain the absence of any significant effect of gender in our study.
Another interesting point is the absence of association between presenting a comorbidity or a disability and the registration on the waiting list. One could imagine that some transplantation teams may hesitate to transplant patients with serious comorbidity or severe mental retardation. First, the absence of statistical association does not rule out this possibility because the small number of patients with such a condition may decrease statistical power; second, comorbidities and disabilities are, in children, mainly related to their primary renal disease. The effect of the renal disease may be difficult to separate from the associated pathological conditions. Our sensitivity analyses for the primary renal diseases showed that although the results at 3 months after RRT were the same, at 12 months, the uropathy group was significantly associated with wait-list status. This difference may be due to patients requiring complex urological surgery before transplantation.
Finally, in view of the clear benefits of rapid access to transplantation, our demonstration of a significant centre effect for access to the waiting list, which is the first step towards transplantation, may enable improvement in our practices. Ravanan et al. [15] , studying all the centres participating in the UK Renal Registry, found a significant inter-centre variability in the time taken to register patients. According to the literature, centre characteristics associated with a higher probability of listing are (larger) centre size [17, 19] , presence of a transplantation unit in the centre [11, 15, 21, 22] , and non-profit ownership of dialysis facilities [20] . A recent study by Nguyen et al. [19] found similar results in the US paediatric population; the probability of listing was higher in high-volume centres (>6.76 transplants per year) compared with low-volume centres (<2.25 transplants per year). Our study did not find a centre size effect, but we considered the number of patients treated for ESRD in the centre, whereas Nguyen et al. considered the number of transplants performed. This may explain the different results. As nearly all centres in France were non-profit dialysis and transplantation centres, we could not evaluate the impact of the presence of a transplantation unit in the centre or of the ownership of dialysis facilities. We also studied two other centre characteristics: the proportion of patients on the waiting list placed on inactive status during the first month after listing and the proportion of pre-emptive transplantations. We did so because these are two characteristics that greatly vary between centres in France. In a descriptive study of centre practices, we showed that 29% of the centres declared registering the patient immediately even if he is not eligible for 
O R I G I N A L A R T I C L E
I n e q u a l i t i e s i n a c c e s s t o r e n a l t r a n s p l a n t w a i t i n g l i s t transplantation in order to gain priority on the list whereas 71% declared not doing so (personal communication). This is mainly due to the fact that the priority rules in France take into account the time spent on the waiting list and not the time spent on dialysis. The same is true for the rate of pre-emptive transplantation that greatly varies from one centre to another. However, none of these centres' characteristics is found to explain inter-centre variability. Of note is the high rate of pre-emptive registration among children in France (31.8% versus 14% in the Eurotransplant community) that still needs to be improved because pre-emptive transplantation showed a decrease of acute rejection and a trend towards a better graft survival [37] . The inter-centre variability we observed in the time to waitlisting children was not fully explained by their characteristics. The main strength of our study is to demonstrate this inter-centre variability among paediatric centres with a hierarchical logistic model. This model is more accurate for studying hierarchical data because it takes into account the correlation between patients at the same centre and thus allows better estimation of the CIs of odds ratios and of the residual inter-centre variance. This model is also highly interesting because we can study several centre characteristics to investigate the variability between centres.
We also created a systematic paediatric classification of the primary renal diseases to extract as much information as possible from this major factor. Another strength of our study is the high rate of transplantation among children in France, which augments the frequency of our primary outcome and thus increases our statistical power.
The limitations of our study are the lack of reliable socioeconomic data for children, although the universal medical care system in France is likely to decrease inequalities in France, and the absence of evaluation of racial disparities, because such statistics cannot be kept in France. To take into account socio-economic status in our analysis, we used polled socio-economic data from the place of residence. Although this is nowadays a common method, it is important to remember that drawing conclusions at an individual level from pooled data is at risk of ecological fallacy.
We may also have omitted some characteristics of interest of some centres that may explain part of the centre effect, such as a systematic organization for pre-transplant check-ups and inscription on the waiting list. Although all French centres are included in this study, there is a limited number of centres treating patients under 18 years in France; this affects the statistical power of our study to find significant centre characteristics, as simulation studies suggest that at least 30-50 groups are needed to obtain precise estimates and that the variance components tend to be underestimated when the number of level 2 units (centres) is small [36, 38] .
CO N C L U S I O N
Although overall access to renal transplantation for children is good in France, this study confirms inequalities among children in rapid access to the renal transplant waiting list. We demonstrate that both the patient and the centre characteristics may play a role in these inequalities. Further studies focusing on the centres' organization and practices of the centres are needed to explain the remaining variability. Paediatric studies recording the families' preferences and medical justifications for not listing are also needed.
Finally, this study should motivate us to standardize practices better nationally to offer care as evidence-based and as equitable as possible. 
